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1. INTRODUCTION
Road transport is beginning to take advantage of the potential offered by the
combination of communications, information and control. A wide range of
technologies are being harnessed to improve the links between the road, the
vehicles and the users of the system and to make the system as a whole work more
effectively. This family of technologies and operational policies is referred to as
Intelligent Vehicle Highway Systems (IVHS) (Transportation Research Board, 1993)
. Many of these technologies involve surveillance, identification and location. Many
involve data collection for further use.
There are five major families of IVHS systems.
• Automatic Vehicle Location (AVL)
• Automatic Vehicle Identification (AVI)
• Automated Vehicle Operations
• Vehicle Communications
• Driver Communications
• Vehicle Detection for Control
Many different types of technologies and organisations are involved in each of
these areas: some of them can be operated as surveillance and data capture
systems capable of individual tracing both at the time and later on. The balance
between technical capabilities and the appropriate operational strategies have not
yet been worked out with the community. Only freight system and public transport
operators operate in a surveillance regime which has been negotiated and can be
built upon for further efficiency and service gains through IVHS. The public as a
whole has, in many countries, rejected the identification aspects of several nascent
IVHS technologies at the early stages. To achieve the potential gains from IVHS it
will be necessary to negotiate with the public as a whole what types of surveillance
and control system principles are acceptable.
The design of the various IVHS systems comprises both a technological component
Wigan. M.R. The influence of public acceptance on what IVHS can achieve
Institute of Transport Studies Page:  2
and an organisational component. The technical design should ensure that the
communications and software cannot be used to implement intrusive or
unacceptable operational policies. It is equally important that the systems do not
have the potential to be used in unacceptable ways.
2. SOME IVHS TECHNOLOGIES
2.1 AVL (Automatic Vehicle Location)
AVL is of great value to vehicle fleet operators who can take great advantage of
knowing exactly where the people are. The technologies employed range from radio
beacons, satellites (Global Positioning Systems) to dead reckoning within the
vehicle. Major users are the taxi industry, public transport fleets, emergency vehicle
operators and freight transport operators. IVHS will see these systems become a
public utility (at a cost), and the integration of these possibilities into location
facilities will require standards to be developed. This is a critical matter, and is
proceeding rapidly. Microwave and optical detectors linked to the traffic control
communications networks used to operate networks of traffic control and signalling
systems help to improve the performance and the capacities for an efficient and
more capable infrastructure.
There are several transport systems that can make highly effective use of AVL
facilities, and in general already use what is there as it becomes available. These
include taxi, courier, bus, truck and emergency vehicle location systems, and are
already the subject of live or experimental trials in many locations. From the
surveillance and identification standpoint, these systems present few problems.
Vehicle (and often individual driver) identification is frequently in the interest of both
taxi operator and router. Emergency vehicles and police have similar operational
needs, and bus and freight systems are always seeking more flexible ways of
delivering customer service and obtaining greater utilisation from their capital
investment. While there are potential problems for drivers in such systems, the
primary areas of social concern are focussed on  private vehicle use.
2.2 AVI (Automatic Vehicle Identification)
Vehicle identification and communications with the vehicle are closely related.
Automatic Vehicle Identification is a family of technologies, and not yet a common
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system. Techniques for AVI range from electronic tags that respond to interrogation
with a precise identity to visible number reading using image processing number
recognition systems which point a camera at a number plate and decode the
registration details. Some form of identification and recognition is needed for
enforcement purposes and for charging. Automatic toll, pricing and priority systems
demand positive identification. Such identification can be done without knowing
exactly which vehicle it is, as a temporary identity can be allocated to each vehicle
as long as it is in the range of a particular IVHS communications or control area.
Identification is not always required for charging either. A smart card containing
value can be debited without knowing which vehicle was involved - but the
transaction itself is still clearly identified and confirmed. Debiting a pre-purchased
store of value on a smart card can therefore be a reliable means of removing the
surveillance aspect of charging systems.
Unfortunately, it is also all too easy to record location or other data on the smart
card at the same time that the debit occurs. Such records are being proposed for
medical systems. One of the concerns over the use of smart cards is that such
additional tracking data could either be recorded on the card or transmitted to the
sensor when it is used. Special information about the user could also be placed on
it without the knowledge or agreement of the card user. Some of the public concerns
about medical smart cards are based on such easily implemented - and hard to
detect - software options.
AVI technologies do not require a smart card, nor do they necessarily require a
precise identity, but can rely on the simple detection of the presence of a vehicle,
and thereby 'identify' a vehicle - but only for a short time, and without the ability to
recognise the same vehicle even a few seconds later. The detectors used for
measuring traffic flow, discriminate between vehicles and measure their speed, axle
arrangements and load. Such systems rely on detection and discrimination, and not
on the type of individual identification records which allow tracing and matching at a
later time.
Vehicle communications involve several families of IVHS technologies which are of
considerable concern to a rapidly widening community. These are :
• Automatic data transmission and reception
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• Identification of the sender and receiver
• Recording of the data exchanges (for charging or other purposes)
2.3 AVO (Automatic Vehicle Operation)
Automatic Vehicle operation (AVO) has a longer term objective as an automated
highway, where driver intervention can be minimised to almost nothing, and the
capacity and safety performance could then (potentially at least) be greatly
improved. Clearly such an advanced initiative will require technical advances over a
wide front, but will demand equally great advances in legal, organisational,
operational and social areas. This will take some time to achieve, but many of the
IVHS technologies already developed or being developed nibble away at different
aspects of the capabilities required to achieve automatic vehicle operation. Like so
much of the current IVHS work, it has a heavy (and optimistic) emphasis on the
technically possible, and perhaps too little on the problems of putting such a system
in place.
A number of the emerging AVO applications have no special social or surveillance
impacts, but rather alter the balance of control and driver responsibility. Such
systems include automatic headway detectors, antilock braking systems, fog
response systems etc. They all share two major features in common - they
communicate with other vehicles or the road, and - if enabled to do so - they could
take action which constrained the driver. The problems this potential raises are
those of legal responsibility and, because such systems may come under legal
threat (and so evidence of performance might be needed), recording and tracing
systems have been provisionally included in many tentative designs. The issues of
legal responsibility between manufacturer, operator and driver will become more
complex as AVO initiatives advance, but it is likely that other aspects of IVHS will
reach an operational stage long before many of the AVO initiatives reach even the
advanced demonstration or trial stage.
There is little or no need to identify the driver or the vehicle if the IVHS system
involved is simply controlling vehicle headways that might otherwise be very
hazardous. But if legal proceedings may be brought by the owner or driver of either
vehicle in a collision, then identification of the vehicles, and indeed the recording of
the vehicle trajectory and driver intervention become valuable. The implications are
that if headway control is implemented as - say - a radar controlled device, then
there will be no identification issue (or indeed capability). If, however, the technique
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for controlling inter-vehicle distances and approach speeds involved the two
vehicles communicating, it would be extremely easy to design the headway control
system to record the identities of both vehicles. A 'black box' recorder on board
either vehicle would then be an invaluable legal and enforcement resource (IVHS
America, 1994) .
If such semi-automatic systems are not designed to record their operations, then no
privacy, identification or surveillance issues can arise. If such systems were
designed to record continuously - say - the last 100 secs before a collision, then a
very different situation would arise, and identification of the vehicle would become a
critical matter that could be readily and reliably  resolved in case of dispute.
2.4 Vehicle communications
The inclusion of inter-vehicle or vehicle to static station communications drastically
alters the enforcement regime, as the capability would then exist of automatic
notification of static stations if a speed or other violation by the vehicle had
occurred. This would be a form of continuous monitoring of the driver, which would
require minimal software to implement at a very low incremental cost. Such a shift in
enforcement emphasis has already occurred in freight systems, where tac ographs
provide a complete speed-time profile to the vehicle owner after every trip. In many
countries this was resisted for surveillance reasons for some time. Clearly both
vehicle-vehicle and static-vehicle communication systems will eventually be needed
to implement AVO.
The level of sophistication that will be possible in IVHS enforcement systems is
emphasised by the imminent deployment of an early IVHS system in New South
Wales, Australia. This ystem  integrates a real time computer video image
processing truck number plate recognition system, automatic weigh in motion
devices in the road, automatic links over very long distances to both driver and
vehicle records as well as any history of previous detections of the same truck. This
system works fast enough to decide if a given truck should be waved into a static
weighting and inspection facility, a few seconds after passing a video recognition
camera (Anon., 1994b) .
This automatic enforcement system is acceptable in the Australian freight haulage
industry due to the poor public image of the trucking industry for dangerous
speeding, based on a comparatively small number of small company trucks. The
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social pressures on the trucking industry materially assisted the government to
implement and use this tight control and monitoring system. However, the
characteristics of undetectable surveillance, advanced technology in the road,
linked to mass current and historical databanks far away are not a combination of
capabilities popular with many communities for private transport.
2.5 Vehicle ID or personal ID?
The identification of the vehicle and the identification of the driver are two quite
different processes. All that has been discussed to this point specifically identifies
only the vehicle, and ot the driver.
The legal structures built to handle this problem introduce strict liability on the
owner of the vehicle, so that the owner is strictly liable in law for the offences
committed by the vehicle. He or she must show cause that he or she was not the
driver at the time of the offence. This shift in onus of proof has been compounded
by the introduction of absolute or automatic offences, where the proof of the offence
requires a conviction without any opening for dispute or d fence. It is the
combination of these two legal developments in road traffic and similar
developments in manufacturers liability law that are likely to cause fresh problems
when large scale IVHS systems are implemented.
If automatic vehicle offence recording becomes a matter of 80-90% detection
probability, then the scale of offence detection will become a problem requiring
further automatic penalty application. The identity of the person and the identity of
the vehicle cannot be assumed to be the same for much longer. The rising number
of vehicles per person makes it less and less clear who can be assumed to be the
driver of a specific vehicle, and this increasing degree of sp cialisation will probably
continue.
The use of a smart card that can be prepaid and automatically debited provides
positive identification for the purposes of charging, and is associated with the
person then driving. However no links can be drawn between the person and the
vehicle and previous (or future) passage past a detection or charging point. This is
the system adopted for the Trondheim Toll Ring in Norway, which has been well
accepted as a system (Polak & Medlund, 1992) .
Once again, if an IVHS system is designed in a form that can easily be changed by
minimal software changes, then the potential for such changes, or small shifts in
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operational policy create a substantial risk of being treated by the public as if that
potential had been intended for use from the start.
2.6 Driver Communications
Driver Communications are involved in a number of IVHS systems involving route
guidance, road condition warnings, destination parking place assistance etc. The
objective of these systems is to improve the information and decision making ability
of the driver, enabling the driver to alter his or her routing or driving decisions in an
appropriate manner. These systems have a very different emphasis, and are
essentially information systems for the driver rather than for vehicle-based (or off-
vehicle) decisions.
There are no driver identification implications of such technologies, until or unless
the systems are implemented in an interactive form. An on-board CD-Rom based
route finding and advice system has no surveillance or identification implications at
all (Chen, 1992) . Similarly, a broadcast parking information and guidance system is
equally free of any need to identify a person or vehicle (Polak, Vythoulkas, &
Chatfield, 1993) . On the other hand, were either of these systems implemented as
interactive cable or on-vehicle systems, an identification potential could be seen to
be of value by the designers, and could easily be implemented.
A system depending on interaction with an area wide traffic control system could
easily have a tracing facility, which may indeed be necessary for some types of
traffic control algorithms. Tracing and control assistance for hazardous loads or
emergency vehicles, operational control of public transport and freight fleets all
require both a location and an identification.
Some of these systems do not need to know all about the vehicle, as a temporary
identification tag can be randomly generated to handle the vehicle while in a
particular traffic control area. This can be used for guidance, and for easing an
emergency vehicle or a bus through a complex set of traffic controls. However, the
operational requirements of such fleets often demand a full identification, so such
systems are likely to develop with full identification assumed to be a basic
requirement - even when private vehicles become a significant fraction of their task.
The relationships between vehicle and off-vehicle sensors and control systems are
interesting. Vehicle-vehicle systems generally use microwave or radar signals, and
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can either signal a driver ('you are too close'), or automatically adjust vehicle
speeds. The latter possibility is a step along the way to an automated highway,
where drivers have a passive role in the system, and highway and vehicles interact
to maintain speed, headway and navigation. Once again, the control systems may
reside on the vehicle or off it (Chira-Chavala & Yoo, 1994) , but the automated
highway of the future will at some point demand that communications and control be
handed over to the road system.
IVHS interests also extend to public transport systems, and automated ticketing.
Public transport systems require multimodal ticketing, and active communications
between driver and the controller and the road system management, and between
passenger and the system. These systems may be informative (giving, for example,
the time to the next bus) or active such as automatic identification cameras
sweeping transit of high occupancy vehicle lanes for vehicles that are not
authorised to be there (Schweiger, Kihl, & Labell, 1994). The data collection
methods involved include the detection of children and people lying down in cars
when occupancy is being measured automatically, to tracing the routes taken by
people who buy transit tickets or pay using smart cards.
Transit systems already rely on vehicle-road system communications, and to driver-
road system communications. It is the greater integration of these systems with
information capture and storage that has the potential to alter the balance of social
and economic efficiency interests.
Most 'smart' public transport IVHS systems can be designed to use positive
identification of vehicle, driver or passenger, where the exact person or vehicle is
specifically identified - or can be designed to use anonymous techniques, where a
temporary identity is attached to the person or vehicle for as long as the system
needs to track or respond to that person or vehicle on that particular journey.
This anonymous identification method can be implemented using smart cards in the
form of prepayment cards, rather than identified debit cards. Other similar changes
can be made elsewhere in the system to ensure privacy and surveillance goals are
omitted from the system design. The choices between such 'anonymous' designs
and systems designs reliant upon positive unique identification are substantial in
social terms, but not necessarily great in economic or systems operation terms.
Legal impacts can be shifted in their impact by such shifts in system design
philosophy, and there are many non technical impacts which have been identified
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as important to the success of IVHS as the technical projects gather momentum.
2.7 Vehicle-road communications
Vehicle-road systems can, for example, detect ice on the road, fog, or slippery
surfaces. Each of these may advise the driver or take a measure of control. As long
as the sensors are vehicle born these systems have no identification or surveillance
implications. However, the ability of the same vehicle to communicate with other
vehicles or the road system means that it is possible to transit location and
condition to a central system or to another vehicle, so that road conditions can be
monitored by the vehicles moving over it. The addition of an identification tag to
such communications is trivial, and may even be technically desirable to ensure that
valid data has been received at the central information redistribution point.
When the sensors are mounted on the road system, the whole nature of the
communications, control and identification process alters. A necessary
infrastructure for such systems is a communications network, and a control system.
This is an information highway to underpin the physical highway. This terminology
appropriately echoes that of the computer information networks now being set up,
and the techniques build upon the existing communication networks constructed to
handle traffic detection and control for the familiar traffic light controlled area wide
traffic management systems. There are close and growing links between the US
IVHS and the US National Information Highway (NII) initiatives, with joint working
parties and a growing overlap in participants and concerns (Schopp, 1994).
These systems have in the past relied heavily on inductive loop detectors buried in
the road. Increasingly microwave, optical, imaging and video sensors are finding a
role in detecting vehicles, and discrimination between vehicles is also becoming a
more valuable item of information for the operation of these systems. The rise in
intelligence and information gathering power of area traffic control systems makes
them an important component in IVHS.
The sensors that have been developed as part of the thrust towards IVHS include
automatic image processing systems which can detect vehicles, determine if they
are violating a traffic (or freight vehicle) regulation, read the number plate, and
match the number plate with a central on line vehicle register - and feed back
information to enforcement officers within a few hundred milliseconds. It is this
integration of communications, exception detection in a major traffic stream,
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information records and control that offers major potential surveillance and
identification problems in its means of operation.
Simple vehicle detectors that feed numbers of vehicles to traffic light controllers are
already useful for monitoring vehicle flows, and IVHS developments are considered
to be a valuable addition to the task of gathering appropriate travel and traffic
information over road networks.
Knowledge of basic vehicle flows offer some assistance to planners and traffic
managers - but once vehicle identification is included, and the traffic control
systems can communicate and record this information, then mean vehicle speeds
through the network can be monitored, automatic incident detection is eased, and
enforcement simplified. As little as 5% of the vehicle fleet using tags (even
anonymous temporary tags) can provide excellent traffic flow and speed monitoring.
Linking positive identification to such systems provides a means of collecting travel
information about the drivers themselves. This could be done with or without their
knowledge or permission, but the opportunity would certainly exist as an operational
and policy option at once.
A considerable amount of IVHS effort is going into creating systems that work
largely on their own: neural network systems for managing freeway on-ramps
efficiently (Zang, Ritchie, & Lo, 1994) , and automatic incident detection on major
highways (Pillet, Blosseville, Chauvet, & Morin, 1994) are but two of these
essentially stand-alone systems. Both however, become issues once a high speed
fixed data communications (and recording) system is in place to link them together
and with other IVHS systems.
3. STIMULI FOR IVHS INITIATIVES
IVHS encompasses many of the technologies being considered or promoted in a
piecemeal fashion in many countries. Electronic Road Pricing equipment and area
traffic control system in the UK, vehicle-road side communications in Germany, toll
road operator automatic toll collection in Italy and France are but a few of the
European initiatives that long predate IVHS as a concept. Singapore has long had
an electronic road pricing system in operation which charges people for entering the
central area, and this is now being converted to an electronic system. IVHS
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initiatives are not restricted to western countries and Japan.
Two of the major driving forces for IVHS in Europe were the major project and
research consortia assembled under the names of Prometheus and Drive.
Prometheus is a joint commercial initiative by a number of motor manufacturers to
invest in competitive R&D to gain a lead over Japan and the US by expanding the
safety of the car and the capacity of the roads it used. Drive was a European Union
joint research and demonstration initiative which covered the full range of transport,
and included assessments of the political and social impacts of the new traffic
technologies (ITS Nijmegen, ConLogic Stockholm, ECOTER Rome, PRAXIS
Athens, Rijkswaterstaat Amsterdam, & TSU Oxford, 1990) .
The reasons that have subsequently emerged for IVHS now also include the need
to meet clean air and environmental standards, and these positive aspects of the
IVHS initiatives are quite distinct from information gathering and surveillance
concerns. There are questions raised about the traffic flow enhancing aspects of
IVHS, which must now be balanced in the public mind between the travel demand
limitation and management aspects and the environmental imperatives. This
addition of environmental goals has altered the grounds on which social and public
impact may now be perceived and responded to.
The initial efforts in IVHS were European-based, but the ISTEA Act (US
Government, 1991) provided for major funding initiatives, and has rapidly
accelerated the commitment to IVHS in the US. The common ground between
Japan (motor vehicle and electronic manufacture), Europe (advanced vehicle
facilities, major congestion concerns, capacity limitations as well as vehicle
manufacture), and the US (motor vehicle manufacture, rising environmental
concerns and congestion levels).
The need to maintain mobility, move freight, and reduce environmental impacts can
no longer be addressed by treating the road and the vehicle separately. To gain
better overall safety, flow and emission performance requires the two to be treated
as a system, and this requires information to be gathered continuously to allow this
to occur.
The last major development with the potential to raise the capacity of exis ing road
networks and their performance was area-wide traffic control, with connected traffic
control systems. These systems bought many years of traffic growth, and are
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perhaps the major forerunners of IVHS. Information can be gathered from area
traffic control systems, sensors can and have been added to cater for emergency
vehicles, and there are now strong demands to detect incidents automatically and to
enhance the performance of transit and private vehicles in these now very busy
networks.
This can only be done with additional information, communicated to drivers and
system managers alike.
IVHS can use the additional information and control capacity to add to network
capacity, and improve safety levels. This can be done by improving the technical
performance of the infrastructure and also by modifying the behaviour of the users.
Better parking and routing information can reduce or at least re-time or re-direct
travel demands, and so IVHS offers the opportunity to improve user service levels at
the same time as improving network performance. Travel demand management has
been a major concern for road and transport operators for some years now, and
IVHS offers the integrated opportunity to manage demand and network capacity in
an effective manner.
User acceptance of the various strands of IVHS will depend on the acceptability of
the overall operation of the technical and administrative systems. For example,
great advances in enforcement efficiency are possible, but, unless the increased
information power in the system operators hands is used with care, the benefits
from many aspects of IVHS will remain out of reach.
4. LINKING IVHS TO IDENTIFICATION AND INFORMATION SYSTEMS
The primary link between identification and information systems in IVHS is the
information itself.  Data g thered from traffic monitoring systems is a major resource
in its own right, as markets for public and private information grow. The two major
users of such information are government and marketing. The Government aspects
include simple operational management and monitoring of public sector
infrastructure performance, as well as the markets for individual current and
historical movement, and for real time location information.
Applications can include surveillance, enforcement and legal use as well as normal
requirements of operational monitoring and control, and the auditing of revenues.
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While the markets for information are of greater interest to the private sector, he
constraints on the use of such information are set by government. It is therefore
important to ensure that a government role is established and maintained in this
area. The sale of IVHS information is a sensitive issue in both Europe and America,
and is the subject of special investigations by the many organisations involved in
the US and Europe (ITS Nijmegen, et al., 1990) , where there are specific
constraints that currently apply to such sales of traffic data in some countries, and
the US Congress1 is now also actively considering similar legal action .
There are two closely related issues which are also becoming important: intellectual
property and the clarification of roles between private and public sector players in
IVHS. These are problems common to many areas of societies, and will not be
pursued in this paper beyond confirming their importance, other than in the difficult
area of property rights over information generated by IVHS (Wigan, 1995). Until
such rights are clarified, the questions of sale and surveillance are largely restricted
to the government sector. Even if this remains the case, social attitudes towards the
uses that governments make of their holdings of personal information are already a
matter of controversy, and influence the IVHS debate (Anon., 1994a) .
Irrespective of the private or public status of the agencies involved, two of the
critical factors that link general traffic systems with identification and tracking are
the enforcement of traffic regulations and charging requirements. Enforcement is
manpower intensive, and there is a continuing thrust to make enforcement more
efficient. In the private sector this is also a matter of revenue protection and profit,
and is at least as important. The results of this pressure have begun to appear in a
series of automated enforcement systems, which increase the efficiency of capture
of offences, and reduce the cost of prosecuting them.
As electronic charging becomes a more prevalent feature of transport systems, then
the need to ensure revenue protection is in place requires identification of the
person involved to obtain payment or enforce a regulation violation. Vehicles can be
identified reasonably easily, people are not so easy to identify automatically. A
considerable amount of revenue is already raised through levies on el ctronically-
aided and automatic enforcement activities.
For example, a one third levy on the proceeds of automatic speed enforcement
camera operations in Victoria, Australia yields several tens of millions of dollars for
                                         
1 US Congress (48 CFR 52.227-14(c))
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the Victorian Transport Accident Commission each year. This trend can be
expected to grow, and the public confusion between enforcement and revenue
raising to increase.
The response of the legal system to this identification problem has in the past been
to define a series of absolute offences, and strict owner liability linked to the vehicle.
This was a problem caused by time lags in linking driver and vehicle, offence and
enforcement response. This time lag is shrinking rapidly, and personal identification
by rapid apprehension may once again become effective.
Until this occurs, the legal structure erected of strict owner liability provides a less
than satisfactory framework - especially as the near automatic operation of systems
with large volumes of computer-aided detection data and the backing of absolute
offences with strict owner liability is a prime candidate for privatisation from the
police force. While each of these stages appear reasonable, the cumulative effect
makes the links between safety measures, legal redress from accusation, simple
revenue raising and surveillance outcomes ever more tenuous.
The situation is made more complex in Europe as Norway, for example, specifically
requires electronic road pricing techniques to be used solely for revenue raising -
while the Dutch rejected the largest and most integrated electronic road pricing
proposal yet on the grounds of public lack of confidence in the overall system, and
the need to ensure positive privacy aspects for individuals (ITS Nijmegen, et al.,
1990) .
The fundamental aspect of IVHS as it gathers momentum is that is relies heavily on
telecommunications and distributed intelligence. The convergence of the
information 'superhighway' initiatives and IVHS is therefore inevitable and is
occurring, with policy development convergence at several  levels (Schopp, 1994) .
It is difficult to consider the social impacts of IVHS without careful consideration of
the privacy impacts of both NII and IVHS styles of initiative. Although some such
consideration this is happening (US Department of Transportation, 1994) , the sheer
scale of both initiatives, and the further extension of the numbers of people and
organisations that must come to some agreement, mean that the progress towards
an effective and acceptable overall system will probably be delayed. A desirable
outcome of this combined process will be a better and more consistent treatment of
information as a commodity, and of the ownership of data. It is still possible that the
convergence of standards, legal and organisational processes may give light weight
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to privacy issues as the technical and organisational problems of coordination are
so substantial in their own right.
IVHS and NII are both technologically driven initiatives, and as such can readily
generate such a positive momentum that the participants could easily become
significantly out of touch with community concerns and support.
Electronic road pricing has been proposed many times in many countries. Yet no
city could be found in the US in the 1970's to operate a live trial (Higg ns, 1986) .
Proposals for London have been seriously put forward since the early 1970's - but
have never been brought into play, often at the last minute. Hong Kong mounted a
live trial, only to have the technical success (TranspoTech, 1985)  firmly put aside
(Jones, 1994; Jones, 1989; Luk, 1985)  in favour of public sentiment deeply
concerned over the identification and tracing aspects of the technology.
Perhaps the most comprehensive integrated plan for electronic road pricing as part
of a larger system was the Rekening Rijden initiative endorsed by the Dutch
government, but finally withdrawn as public confidence in the system and the
administration faltered (Ministerie van Verkeer en Waterstraat, 1988) . This project
proposed to implement an electronic road pricing scheme over a large area of
Holland, and recycle much of the revenue to public transport. The initial
consultation forced the use of an anonymous smart card technique (where the
vehicle could not be identified for matching purposes) and, even after formal
adoption by the government, it later became politically unacceptable and was
abandoned.
As time has progressed, the resistance to identification systems in IVHS related
initiatives has become more sophisticated. In earlier years, concerns about pricing
systems were strongly influenced by the concerns about who would pay, and doubts
that the revenues would be recycled in an acceptable manner to compensate the
disadvantaged: London in 1974 being one example.
The rise in public consciousness of the power of identification and tracing systems
in government hands has grown to become a major issue, and, although the political
trust required has been modified by improving the transparency of the technical and
administrative system as a whole (Rom, 1994), there are still considerable political
reservations about the potential intrusiveness of the system.  The major issues now
appear to be political trust and proper handling of identification issues.
Wigan. M.R. The influence of public acceptance on what IVHS can achieve
Institute of Transport Studies Page:  16
5. BENEFITS FROM IVHS
The discussion in this paper has concentrated on the characteristics of IVHS
technologies, and some of the problems that can arise. No technology is immune to
inappropriate use, and IVHS is no exception. There are substantial benefits to be
gained from the deployment of IVHS systems, and these need to be listed to
balance the potential problems that can arise if the technologies are not
implemented well.
The major benefits come from:
• Enhanced use of existing road capacity
• Better service from public transport
• Lower cost freight transport
• Enhanced safety
• Lower pollution and Greenhouse gas emissions.
Large gains in the capacity of existing road networks have been made over the last
30 years through area traffic control and detailed traffic management. However
congestion and travel demand has caught up and overtaken these gains in many
places. Road freight systems play a critical role in the movement of goods and
production in most countries, and they too are suffering from the congestion
patterns that have emerged. Public transport is less used, but is now required to
operate more efficiently and flexibly. The overall levels of traffic flow have led to
high levels of gas emission and pollution which need to be managed and reduced.
The tools to make advances in these areas are better communications and control,
and enhanced information for all parties. The problems arise in that the information
generated can be used in a number of ways that society has not yet fully worked out
how to handle.
Given appropriate legal and organisational adjustments, the level of information
available for better performance of both vehicles and infrastructure can be applied
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effectively to improve travel, safety, goods movements and environmental factors.
This can be achieved with less land take, and with a better focus on the travellers
rather than the vehicles. Information, information management and appropriate
organisations and regulatory and legal structures can produce substantial gains in
an area where public resources are no longer available to build more infrastructure.
6. WHERE ARE THE SOCIAL IMPACTS?
The original intentions of IVHS were simple. The convergence of communication,
control and information flows surrounding traffic and roads was potentially very
valuable in generating new industries, improving traffic flow and capacity usage and
improving traveller and freight services. However, the downside of the surveillance,
privacy and information power aspects made the pathway towards it an increasingly
fragile path to follow once the political and social reactions to some of the capacities
begin to affect the political will to deploy these systems.
This fragility is due to the very flexibility of the resulting integrated systems, in that a
potential to be able to use them or their information capture capacities, was
politically equivalent to actually intending to use them that way.
This review of the different technologies and application areas for IVHS has brought
large scale information transmission, access and storage into the same fold as
smarter cars, smarter roads, and the technologies to make them both work better.
It has long been evident that at some point the massive rise in information capture
and handling capacity would change organisational structures in transport (Wigan,
1986) . Now that IVHS is being considered seriously on a very large scale across
the world, the next major leap in information handling capacity is in sight, and the
next round of organisational changes will follow. This has already brought
telecommunications companies and advanced surveillance technology companies
into close alliances, although the computer companies generally lag in their
participation.
There is a concurrent flow of organisational change which may help or hinder IVHS,
but certainly cannot be ignored. Government bodies are fragmenting into
government regulatory bodies which, increasingly frequently, retain little technical
depth or understanding of the field they administer, and corporatised, private or
Wigan. M.R. The influence of public acceptance on what IVHS can achieve
Institute of Transport Studies Page:  18
privatised operational bodies. This is fundamentally altering the balance between
public and private information p wer, and the public's ability to control or guide the
operational impacts of large sectors of the economy previously part of government
operations.
It is this area where ownership of information, controls on its use and the scope for
operational changes which could affect the community are becoming extremely
difficult to consult with the community, and where the greatest sensitivities are
arising.
IVHS is an area where the technical systems are protean, and can substantially
change their operational shape by altering a few EPROMs on vehicles and software
in controllers or telecommunications links. This means that the po ential ability of a
system to undertake broad area or selective surveillance, or to create highly
saleable information by vehicle or person recognition or tracing is growing very
rapidly, at a time when public influence on the operations is diminishing equally
quickly.
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Table 1: Grid of some IVHS technologies and some of the impact areas
It is not only the actually advertised capacities of IVHS and information systems that
are likely to cause social impacts - it is this genuine potential for them to be
operated in a  very different manner at comparatively low cost to the operator that
makes the community react to the potential uses of such systems as strongly as to
the actual ones (Daniel, Webber, & Wigan, 1990). They are probably also correct to
do so.
Quite a number of social impacts have been mentioned in this paper. These include
privacy, surveillance, enforcement, organisational and legal impacts, and data
ownership and information access. The range of applications covered has also
been wide ranging, and the combination of these two lists shows where social and
other impacts can be expected to be concentrated.
Table 1 shows a grid of some IVHS technologies and some of the major impact
areas.  is used to denote an impact that cannot be ignored, and  impacts that
will be potentially very large. These ticks have been deduced from both past history
of IVHS for running technologies, and from the controversies now building up in
several countries.
7. STRATEGIES TO SECURE THE GAINS
The development of new technologies for IVHS is clearly proceeding rapidly, and
has considerable momentum behind it. Most of the effort is currently devoted to the
tractable issues of developing reliable systems, and integrating the conflicting
needs for communications and other standards needed to ensure a healthy and
global marketplace.
Wigan. M.R. The influence of public acceptance on what IVHS can achieve
Institute of Transport Studies Page:  20
IVHS is no longer a purely technical issue, if indeed it ever was. The key factors are
now political, and social. Six of the impact areas in Table 1 are firmly in government
grasp, and the role of government is critical. Government also has a major role to
play in Standards, which are an invisible but fundamental basis for IVHS.
The emergent issue of the credibility of government and administration is related to
but not the same as the concern over identification processes. The transparency (or
lack of it) of the administrative use and control of large scale information is one
aspect of the IVHS melange. The handling of revenue flows from pricing-related
initiatives has reduced in sensitivity with the growth of toll ways and automatic toll
collection systems in private hands.
Nevertheless, the public is not wholly in tune with the impacts of IVHS, the changes
in legal responsibility, the spread of identification and enforcement methods and the
organisational changes that will follow.
What guidelines can we follow for effective introduction of IVHS?
• Technically, designs hould not have the capacity to be used in a manner in
which the community will not accept.
• Identification systems should place an emphasis on high integrity identification
for transactions, but not for matching different events and locations with an
individual. This would permit wide use of a single smart card for parking, tolls,
transit and other functions.
This is fundamentally different from an identification system designed for matching
and tracing purposes, and could greatly speed up introduction of many services as
well as reducing sensitivities.
• Clear and transparent consultation with the public is needed by government. This
will require an education function, as well as lucid enabling legislation and
controls on the marketing and use of the information flows generated in IVHS
systems.
8. SUMMARY
IVHS technologies combine communication, control, information capture and
Wigan. M.R. The influence of public acceptance on what IVHS can achieve
Institute of Transport Studies Page:  21
storage in a  single system. This leads to a considerably expanded potential for
surveillance and privacy conflicts. There are clear benefits in IVHS, from reduced
congestion and more responsive public transport to safer vehicles and easier travel.
The cumulative benefits of IVHS offer a real opportunity to maintain a substantial
level of mobility even under the pressures of rising congestion and the need to
reduce the levels of greenhouse gas production of transport vehicles. The
operational framework within which IVHS operates could either vastly increase the
levels of surveillance of the community, or substantially avoid such potentially
contentious capabilities. It is suggested that careful design to enhance the positive
features of IVHS without using positive identification wherever possible will reduce
the sensitivity and risks to social acceptance of the overall package.
Many IVHS systems have the inherent capacity to be redirected to different ends by
a simple shift in operational policies. Such systems will increasingly risk paying the
political price of having actually been designed for the least welcome possibilities
inherent in their design.
While consultation can moderate ill founded concerns, the greater the
understanding of IVHS systems the more any potential redirection of operational
policy will be appreciated. The very low cost of shifting operational policies in an
IVHS environment will present few barriers to such shifts.
IVHS systems should be designed where possible using 'anonymous', which can
handle prepayment and temporary tracking without creating records that could be
used for tracing the location and movements of individuals. One major mistake
picked up by the press and public could easily lose the community many of the
positive potential benefits of IVHS (Daniel, et al., 1990) . The design of technical
and information systems should therefore be defensive, and have designed in limits
where appropriate.
None of these steps will be effective unless trust in government and administrative
bodies can be maintained and improved. This will require a greater degree of
transparency in the development of legal and operational policies than usual.
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